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NET HEAT OF COMBUSTIONOF AN-T-28 AVIATION GASOLINES

By R. S, Je’ssupand Co S. C~ag’oe,...

SUMMARY

.., ,,
Experimentaldata on the heats of co~bustionand hydr”o-

gen contents of a number of aviation gaso”lin,ei have been
used in derivinga formula for computingrietheat of combu”~-
tion from (measured)gross heat of combust”.ion-This formula”’”
appears to be su.Yfioientlyreliablefor’the”purpose and has
the advantageof making hydrogen determinationsunnecessary...-

The data on heate of combustionare presented in tab~lar
form,Pi ‘4 and in graphs showing the relationbetween net heat of
combustionand (1) hydrogen conten,tt.(2)aniline--point,,(3)
API gra~ity,and (4) the product o~aniline’po-intand API

h’ gravity.
. ...

,, ...
Data are gire.h‘onthe change”“inaniline’point with ti”k-ej~

and also the changa resultingfrom the addition of “xyiidine.,..

. ,.
INTRODUCTION .

. 7, ,
The work covered”-bythis report was undertakenat the

request of the NationalAdvisory Committeefor Aeronautics —
in order to determinea reliablemethod of estimatingthe
n~t,heat of combustion(1) when the grgss.heat ,ofcombustion
is known, and (2) when the gross heat of combustionis pot
known.

. . .. . . . .

MATERIALSINV3ST16AiED~

4 ,. , ,,,

The.sam~lesof gasoline’originallyinvestigatedin con-
nectionwith this project inclpded29 productionsampl”e”sof

d’ AN-F-28 &via~iongasolinessubmi.tte.dby individualref$ners--....—
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“–?r oducer of SaIil’p1

‘A&ercroz.bie& HarrisonOil Co.,
AtlahticRefining Co. ,, : (1]
Gulf Oil Corpor,at.ion 2,-(2).. ~ .
Humble O’il”&Refining 60.

.,’,.“,.2,:(1,):‘..“,-
Lago Oil an’dTrans~ort, Ltd.‘ .;,.,.:,y2#0].; :
Iiagnolia %etr”oleu-mCo.,‘
Philliys;’PatroleunCo”.

;,~..:,.-/1,(1)- ‘

RichfieldOil Qo. 7..,.(0..
S%e~l Oil .Co’.““

,, !.
,.”j+~).... . , “

Sokony Vacuum tiiljo. ““, -’. .
1
.

St~,rid&.rd Oil Co, bf”’c~~$forgfa ..2’(1 , -
Stand%rdOil Co.‘of{lIn’d%tina .2” ‘
StandardOil Co. of Louisiana 4 (3)

.

Standard..Oil Co. o~~gw ,Jersey .,,,2(2).“f.it:~ ‘.”” ,Stan&ardOil Co. o<.~h~b: :.. :’~{1) .. ~ :...’”~,..
sun 011 00, “’ - ‘“ ‘“p’ ““’:’”;2(1)”
Texds Co, 3 (2)
Tidevater-associationOil Co...:; ..- - 1 (1)
Union 0i7.Co. ‘

;... .
.2(1)

White s&Lr Eefining Coo 1 (1)
Unspec~fied .:-:::~,....~’”- :. 15 .(1.).;.

-.-’., .,,,-.. ..: .,. _-..—
aThe numbers.in parentheses‘repr,e.sentgasolinesincluded

in[t,h@.o~’igimalgrotiyof “sanples.l.’to31, inclusive(tablas1
and 2)..:-~~-.~“

,,... .;:..>

..-.—...—

. .
-“

DATA 02’,.z’~,s.T,!,,,, , :...:
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vity, and Ciatillat<m .,dataon the ,31
inv-es”ti~atddar”e”given ititable 1. “
of gravity,anilinepo’iat, hydrogen +““
ss a“ndnet heat of combustionfor th~se-”
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a ‘relation(squatioa(5)),deriv~,d,fronthe results of the
nresent f+ork,“whichexpresses,netas a function of observed
gross heat of con3ustion, and values of net. haat”of comb~s-
tion calculatedfrom the relati.aubetween gross and net heat
of combustiongi,ye,nin sp?,cificationA%E-28, anendment3.
Table s gives valtie’$O“Ofgra%ity,a’nilinepoint$ observed
gross ~nd calculated“act-~eatof“con%ustionfor the 26
-samples YhOSS hydrogeq contentswere‘notdetermined. Zlach
value of gross”heatof combustiong“ivenin tables 2 and 3
is the aean of two determinationswhich usually agreed
within less than 0~05 percent,although in a few cases the
differencewas as mush as 0.1 percent.

The aniline points were determinedin accordancewith
A.S.T,II.Method D611-44T. The carbonand hydrogen contents
of gasolines1 to 31 inclusivewere both‘determined%y com-
bustionanalysis. Rxcept as noted, the hydrogen,percent
%T weight, reported in table 2 is the mean value of percent
hydrogenas determinedfrom water formed in con%ustion,and
99.8 minus percent carbon determinedfrom COa, the value
reportedagreeing with these values in general to about 0.1
or 0.2 percent hydtiogen. (Thevalue 99.8 assumes 0.2 per-
cent nonhydrocarhoripresent from 4 ml/gallonof tetraethyl
lead,) .-. ,,

...,... >’.-,...
The bomb c’blorimeterand accessoryapl>a~atus,and the ‘“

method of calculatingresults on gross heat of combustion
have been described (reference1). Two differenttypes of
thin-walledglass bulbs, previouslydescri%ed (references2
and 3), were used to i.aclo.eethe’gasolinesamples to prevent
loss by evaporation,so that the naes of sanple burned could
be accuratelydetermined. No significantdifferencewas
“f&nd i’ntlieresultsobtaified”vriththe two types,of%ulbs.
The gross heat of’.conbustio.mat constantvolumewas neasuyed
at.a?lout”306 C. In .ordet,t~,~~rmitcomparisonof,the reeults
with data on pure hydrocti.bons:,‘mos,tof which-arereferred to
25° C, the values of CIV~ (~rbswj,)at 250 C, which.aregiven
in table.2, ware calculate”d’”:’fio’rnthe observedvalues‘of30° C,

“using the followingvalti&si5;&‘sp”ecificheats: . ,..
,.. . ~.,-,<,.....”~... .
,Gasoline~,(liq-p+d)“:iGp = 2.1 j/g,degC ::-’‘=”y~”- +,..,

. , Oxygen (gas),” . :.i..,~~~v=“2.0.82~J/.Qo1’s’”d;e”g c“:..
Carbon dioxide.(gai’]~Cb”= 28.0,?3.j/mol.edeg C“‘“’.
Water (liquid) ‘7~1,’~~-~pj>.75;~5‘j/moledeg C’~,,. . .,
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The amounts of water formed in’combustionof gasolines1 to
31, inclusive,were calculatedfrom the values,of.,(peroentH)
given in %ahle 2. For.the remaininggasolinesthevalues of
(percenlH) used were calculatedfrom a relation-between QW
(gross)and (perceqtH) derivedfrom equti.t”ions(1)and~4)U~”
given‘lati”er.“Thisrelation’bstw.een~ (gross)and (percPritII)
and the values of “speoific heats given above-,have been. used
to calctilatevalues of the constant,A in the re.lationg.

‘Qv”(gross, 25° C).= Qv (gross,to C)+A(t:25) ...-.

mli.;v+>;,esof A calculatedin th;s way are as follows:. . .
,.,..-,.. . ..

. . ““’”‘:: ~T .{gros~)
..’.

,,,
.-2tu/lb

r . ._ - -- ----
..!,

-. ,“ 19600
t ., ,,,$ .19800

20.000
20200

“20;400 ~~
20600”.

.,

— .=.=
.,..:

A L
,, -..——.—..

mu/(lb)(i@g C) .

,, 1.12
1.21
1.30
1,38

.:,:..:,:; ,, .,. ...~,.~?:.,. . .. . .r
:! .-. ,-. .“. ! .“1.5-5. : .“,.”” ,. . . . .. %’<’...’”- .
,., “-l:,,.:’”.”.

‘,.,-- .YUNiT Oi.5’M.i‘ 4.

, “.

-b.
.:,

. ..

..

.},. ,. . . .. . .: .- .
., . .,,. , ., ,.. .

The :calor’i~eterwaa ca~%b~ate.~;elactrlcallyand.”checked
.a~interl~~ls.byburning st~n~a.r~ Sa,myles of,benzoicacid of
known heat of.conbustion. Thus,the energy equivalent,or
effectivoheat“capacity~of the calorimeter,was evaluated
in terms--ofint.eraational joules (watt-seconds)per :degree
centigrade. The temperaturerise of the calorimeter was
measuredwith a platinumresistancethermometer.‘ The weight
in air of the gasoline “burnedwas measured in grams. The
observedgros?heats of ~onvustionwere obtained in terns
of internationalJoulgs~er .graaweight”in air against brass
weights. For conversionto Bbu/lb, use was made of the in-
ternationalsteam table,calorie (IT cal) definedas 1 IT
cal = 1/860 internati~nal-watt-hour, and the relation 1 lT
cal~g = 1,8 3tu/lb. 9?li6se‘tworelationsyield the convenient
conversionfactor

.
.. .

..-—-_.—
_ 17=
~.~

.:...,..
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In order to meet SpecificationAN-F-28 a gasolinemust
have a net heat of combustionof at least 18700 Btu per
pound. ‘“A?nendment3 of this Specificationrequires deter-
mination’of heat of combustion%y means of an ,[toxygen-bomb
calori.meterflwhich yields gross heat of combustion“atcon-
stant volume Qv (gross). In order to obtain values of ‘,
net heat of combustionat constantpressure (net)

,QP
from the.results of lom+calorirnetricmeasurements,it is “,,
necessary,touse a conversionrelation,for example,with
all q-!s in Btu/13. ....,

.. ,“.. -
..” \

.--—=7..

Qp (net)= Qv (gross)-91.23 (percentH) :(1,).,:,,;

[..

Values of heats of combustionof :?ure-compoundsare
usually reportedas gross heats of”combustionat coystank
pressure Qp (grois)at 25° C. For comparisont~itihthe
data on gasolines,values of Qu (net)for pure coapounds.

:::p (:?O=Jwere calculatedfrom the reported values of Q
using the relation ,“

--
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18,016
...

——.. X 105Q-4 = 9387 3tu/lb
2:016

of hydrogenfor tileheat of vp.porizationof the water.formed
in combustion. Since the hydrogen contentof the Gasolines
is exprosaedin percent by weight, the coefficientof (per-
cent H) in equr.tion (2] becomes 93.87.“‘

!Vhon02 (gas)combines.atconstantpressure (or con-
stant voi.une)with solid carton,or with carbon in a solid
or liquid compouzid,,toform ,C02(gas)there is practically
no chnnj;e,in vQlurne(oryressure). I/hen 02 (gas)combines’
at c~nstantpressurewith the hydrogenin a solid or liquid”
compoundto form HZO (liuid) t-hereis a decreasein -
volume,and sxternalwork 1= PV)2) is done on the system,
where -pV is the product of the :?res@ureand the volume of
the vater formed if it is in the gaseousRhase at the ten-
p~rr.ture.to’whichthe reactionis referred. The external
vork done in thg constant pressure process is includedin
the heat of the reactionat constantpressure Qp (gross)
which is thereforegreaterthan Qv (gross) %V the thermal %.
equivalentof the vork done pV/2. Using~the’valuesat ‘77°F
given in reference4, (“

pv/2 = 2’9.53 3tu/lb of water

18.016 ‘.~ : ,“
x 29.53.=264 3tu/lb of hydrogen,..:-?, .

T*Z%-
,., :.,. .,,,”
,iti.,

From this it follows that .- ..+--—
.’- . . .. t

_-
., . .. . . . ,, .

-. . -re

.Qp(gross) = Qv (~ros~)+ 2,64 (pe’:~en~H) (3)
..

.<+I.a. ——
~h~~e the .Qts are ex”preise.din 31tu/lb. Combiningthis
relationwith equation (2) yields the conversionrelation
(equation.(l))O Equation.(,1)was used to calculatethe
Hobservedflvalues of Qp (net) reporte,d in tabl~ 2 for
gasoline’g1 to 31 inclusive,from,t:hevplues 0? Qv (gross) .
and (perf~entII)$i.venin thd table., Equation (2) was used
to calcu,l.atevalues of Qp (net) from values of Qp (gross)
at 25° C reportedfor purebydrocarhons.

A

. .,-.
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A comparisonof data on gasolinesand hydrocarbonsis
showngraphically in figure 1. The data on n-ptira~ffn&”
and iso-paraffinswere taken from re-ferences2, 3, and 5.
The Qoi,ntsin figure 1 designatedas r.epreseiitiagdata on
iso-pr.raffins are for the 2 ,2-dinethylisomers only, .since
the data for the other isomersall lie betweenthose for
the’2,2-dimethylisomersand the correspondingn-paraffins.
The data on aromaticsand cyclicswere obtainedfrom re--
cent unpublishedmeasurementsat the EationalBureau of “
Standahdsand other laboratories. The data on pure hydro-
carbonsAre believed to he nore accurate than the data on
gasolines, The straightline in figure 1 representsa
reasonablemean relationbetween net heat of combustionand
percent hydrogen. A si.nilarrelation was pointed out by
Jones and Starr (reference6) who reported measuredvalues
for %V (gross)and (percentH) on 19 “gasolines.Their
results were co~vertedto Qp (net)by meani of relati~n- “

(l),aad the values obtainedare plotted iq figure 1.

As shown i“qfigure 1, the data on gasolines1 to 31,
inclusive,are :ingood accord with the data .on~uie,liy’dro-
carbons, and both sets“ofdata indicatea fairzy re,liable“
linear relation.betweeq QF (net) in Btu/lb“at77° F ,and
(percentII), namely: ...-

Qp ‘(net)‘=15365 i-2.34(percentH) (4).

for gasolinescomposedessentiallyof hydrocarbons. Com-
bining this equationwith the conyereionrelation for ’77°l?,
~reviouslygtven

.

. .
. . (:Qp.:(net)= Qv (gross)- 91.23 (pBrc@ntH) ..;

(1).
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which E,upplies.aconvenientmethod ofiobtaining Qp (net)
from a measured-value.of Qv (gross).

.— . . -------
It may be noted from table 2 that values of Qp (net)

calculatedfrom equation (5)for the gasolines1 to 31
inclusivedifferfrom the observedvaluesby amountsranging
up to 0.2 percent, the average differencebeing a little
10ss than 0.1 percent. The values of Qp (net)gtven in
table 3 for gasolines32 to 57, inclusive,were calculat~d
from equation (5), sinco hydrogon contentswero not deter-
mined for th~so gasolines. Th~ values of net heat of com-
bustiongiven in the last column of tables 2 and 3 were
calculatedfrom the equation.givonin Spocificat-ionAN-F-28
(amondmont3); namely,not Btu/lb = 4525 + 0.7070 X gross
Btu/lbc :.

.. ----- .—..=

RELATIONSBETWEEN NXT HEAT 03’COMBUSTION*
........ .“::..+

. . :API GRAVITYAND ANILINE POINT
.—

<.=
Tho values given in t~blo 2 for Q~ (not) calculated

from equation (1),and values given in tablo 3 for Qp (net) “d
. —

‘ calculal;edfrom equation (5)are plotted in figures 2, 3,
and 4, which indicatoapproximatelinearrelationsbetween
net heat;of combustionand,aniline yoint,API gravity,and
the product’ofanilino point and API gr~vity,rospoctively.
It is okviousfrom the figures that API gravity is not so
good a criterionfcirnot heat of combustionas oithor
aniline point, or the product of aniline point and API
gravity. :, .

The straightli4es in figures 2and,4 aro represented
by t-hofollowing’~oquationswhich woro derivpdby tho method
of least squares;

. ,“ .M.

Qp (net)= 17727.7+ 6i494 (AnPt) (6)
:----

Qp (net) = 17992.0+ 0..09839@n2t-Gr) (?)

where Q:P-(net) is thetinetheat of combustionat constant
pressure in Btu/lb”and (AnPt)and (-4nPt-Gr)are aniline

.&.
:._

-. .-

. .-
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J
point in degreesFahrenheit, and the product of anilinopoint
in degreesFahrenheitand gravity in degreesAPI, respectively.
The standarddeviationsof the measuredheats of combustion
from values calculatedfrom equations (6)and (7)are 24.4
and 23.8 Btu/13, respectively. The respectivecorrelation
coefficientsaro 0.9657 and 0.9644. Thus there is littlo
reason to choosehot.w~entho two criteriain the caso of
the data under discussion. Howevor, as tho gravitiesare
not ordinarilydeterminedas preciselyas in tho,pro’se,h~,’
data, and as added error in this dotorginationwill increase
the error of tho estimatedheat of combustion,it appears
‘thattho aniline point is a somewhatmore reliable critori.on
‘of tho net heat of combustion. .-.

‘““Accoriingtm oqumtion (6) an aniline point of 114.5°F
correspondsto a net heat of combustion QP of 18700 Btu/l?).

Howovcr,as is evident from figure 2 tho actual heats of
combustiondo not follow this relation exactly. If it iS

desired that there shall he only 1 chanco in 10 of tho net
heat of combustionbeing below 18700, then the nini~un
aniline point nust be set at 1190 F; for 1 chance in.100
the aniline point must be set at 122° F. According to equa-

, tion (7) an aniline-gravityproduct of 7200 correspondsto
a not hont of combustion Qp of 18’700Btu/:lb,”and tho values
7596 and 7821 for the product correspondto 1 chance in 10,

● and 1 chanco in 100, respoctivoly,that the not heat of com-
bustion will be below 18700Btu/lb.

.
A “charigo.,of50 Bt”U/lbin tho niniznuna“cceptn.blenet

heat.of conbust.ionroquirosc corrcs~onqfngch.nngo-of 5.89
degreesF?.hronhoitin the nininun aniline point, or a chango
of 508 in tho an”iline-gravttyproduct.

Values of Q_ (net) calculatedfron equation”(6)for
.-P

integra”lvalues of aniline point fro’nu~O””tb“34.9°F-are
given in table’5“. Values

equation (7) for.integral
product in the range 5000

of Qp (net)ca,lcul~tedfrom..
values of the aniline-gravity
to 10400 are given in table 6.

. ,... .,.

.

-!
,..’

., . . .:,..
,.
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121V?ECTOF lTONHYDROCARBONSON NET HEAT

OF COMBUSTIOII.. .

Of some intorostaro the followingapyroxinatovalues:”
.— . . . .

Qp (gross) Q (not) “: ~ons~it’y<~’
Ma,tsrial---.— --

k cal/molo Btu/lh g/?l
. :: -.

(a)Pb(C2H6)A “~1487 ?950 1.659 at 18° C

(b) C2H43r2 a282 2500 2.178 at 20° C.

Ethyl fluidb 5890 ‘1.85
,.

.Xylidino 1108 15590 —-

‘Values supplied%y Ethyl Corporation
:

,.

““’tAs&uModto consist of”62 porcont (a) and 38 pcrcont (b)
by ~woi~:ht.
.. .

Using tho valuo 0,72 g/ml for tho density of gasollnojand
tho values of densityand heat of combusti~ngiven above
for“Pb(CaHS)4~ C2H4Br2, and ethyl.fluid,it has boon cal-

culatedi-hattho addition of the.anountof ethyl f-luidoquiva-
lont to 4.6 Tnillilitorsof Pb(CaH5)4 per gallon of ni-xturo,
lowors.._thnn~t heat.of combustionof gasolinoat conetant
prossuro.by Oi31,Eorc~nt,and t-hattho add,itionof xylidino
lowors the not heat of”cop%ustionby 0.1,7porcont for each
1 porc~nt-by weight of xylidifioa“ddad.”

.’

027XYLIDI1iiZOITANILINE POIHTS -,
.

After tho a~iline points roportod in table 2 had boen-
measured,the NationalBureau of Standardswas request-dto
deterrcinothe effect on anilineyoiat of the addition of

.- -...

.- .- . .
-. .. ...”. ..>.=.*.,-U

.:;+ “:..,*G
z==

. ——_
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xylidincto aviationfuels. As about 6 weeks had olapsod
since the originaldetormin’ationsof anilinepoints, now
noasuromentswere made on sanplos of a number of the fuels.
Most of tho values obtainodwere found to differ from tho
origina,lvalues, as shown by the data given in the third
column of table 4. Tho changes in aniline point in the .
6-weekpo’riodranged from +0.40 to -1.1° $; the averago
change being -0.36° F. Ono porcont xyliditiowas then
.addodto each of the samples, after which new noasurements
of anilino points wero made. The effect of the addition of
1 percent xylidino,as shown by tho data in the fifth column
of table 4, was a change in anilino point by amounts ranging
from -0,9° to -le6° F, the average chang6being -1.19°l?.

Ten weeks after the originalmeasurementsof aniline
points, now n~asuremonts,.wgremade on samples of fuels 4
and 7, to ~~hichno xylidinehad been added previously.
Three percent of xylidi.newas then added to each of those
samples, and the measurementsof aniline points were.re-
peatoda The results of’thesemeasurements?given in tho .
fourth.andsixth columns of table 4, show that thb changes
in aniline point for fuels 4 and 7 iu a psriod of 10 weeks
were _0060 and1020 F, respectively,and that the additiofi.
of 3 percent xylidinorosultod in chahgesdf -40’and -3.1°F$
respectively,for theso tw~ fuels. ,No investigationwas

●: made to determinowhothor the changes fn ahiline point with
time were due to evaporation10SS or to other causes.

,.

CONCLUDIN@REMARKS
. . ,-

Values obtainedfor th~ not heats Of.,combustionof 31
avimtion gasolines,‘and values roportod in the literature
for pure hydrocarbonsaro reasonablyWO1l representedas a
functionof hydrogen contontby moans of the linear equation, ; ., .. . .

Qp (net)= 15365 + 234 (percentH) Btu/lb

!~henthis eq~tion is combinodwith tho relation concocting
gross and net heat of combustionand hydrogon content,there
is obtainod the relation .—

Qp (net) = 4310 + 0.7195 Qv (gross)Btu/lb
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which c;anbo used to calculatenot fron noasuredgross
hont of cor,bustion when tho hydrogon contentis not known.

Vr,luosobta.inodfo’rthe not heat of conbustiionof 5“7
aviationgasolineswore f~und to lIoa linear functionof
oithor tho anilinepoint or tho nnilinopoint-gravity
product. Thoso linearfunctionsare shown graphically
nnd by mans of tables.

..
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Wo.shin@ontD. C., May ~4, 1945. “
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-?

,#
-.

?uel
go.

2.
2

3
4
5
6
7
8
9

10
U
12

13
lb
15
16
17
1$
19
20

21

22
23
24-

25
26
27
2s

29

30
I 31

Table1. SpectftcCh?avttyandDisti14tion
Dataon31 Gasolines

5@5
.y20g

.7175

.7199

.7104

.7177

.7369,

.7363

.7094

.7203

.7157

.7167

.7114

.7177

.726g

.7214

.7265

.72Q9

.7099

.722$

.72g5

.7213

.72W

.7253

.7271

.7221

.7226

.7321

.7234

.7299

.7079

.7416

Diet
10
139
143
138
lW
138
143-
142
lb
lti
143
142

136

140

151
137
133
w
162
145
141

139
1.42
136
147
140
132
13g
lk2
149
141
142

latio
evapo
40

M6
190~
170
194
194
202
194
167
17tf
182
171
170
l?g
202
1s7
190
201
193
201
202

19?
190
la
203
200
12!0
lW
lgo
204
17/3
207

-

200
yj5
LgJ

205
211
219
ZL1
17’s
190

195
M2
184
192
213
207
210
212
211
217
22CJ

2og
206
2og
221

215

,197

207

196

21g

lt$g

225

90
262
263
269
245
268
284
2m
27i
275

263

2g6

276

279

2s0

274

2g3

274

264

2&l

2137

2g7

2t$3

2g2

2@4

2S4

2@

2gg

2g2

259

253.
289

En&
Point

316
32b

333
351
350
343
338
334
3&3

333
338
3&3
329
33s
330
336
“343

353
356
34t3~
TM
345
334
334
340
35i
,340

333
307
29g
346

13

Loss
$

1.1

1.1

1.1

1.0
1.3
0.9
1.2
1.3
1.2
1.2
0.9
1.0
1.0
1.1
1.2
1.3
1.1
1.1
1.2
0.9
1.2
l.l
0,8
1.1
1.2
1,1
1.0
1.1
1.2
1.0
1.0

. -.:: =.-_. :L
L.

,.
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Fuel
No.

J= ,.

‘--”Table”2.”“Grivlty,
ahd Heat

........

AnilinePoint,HydrogenContent,
of Combustionof 31Gasolines ..----.-.l-~ --+--??---..--.-..””~~=”-.y=~..................-=-.....

Anilini
Point

OF

-

Anlllna
Gravity
Product
o~oAp-J

Heatof CloI
Obser?“
Groea

mation
Calculated
Netc Ne~1u

XFtb-

Btu/YBtu/1

:%: :

2:~:;
135.%
122.g
10EL3
131.5
127.2
132.5
126.1
1 0.6
21 7.0
132.3
120.0
115.2
127.g
142.
127.i
119.y_
127.2
L19*3

H!
I.1●

L2.
L20.9
120.9
L13,.O
L27.oI
LM.2
!39●3
102.9

20121
20250
20152
2039
202&
20077
19913
20247
201 1

?202 1
20191
201
2017J
201 1
200&
19999
20171
W?;:

20 3
?201 y

20052
199
200u
2013S
2oo&q
19999
20096
zoo
?03n
19t$35

1/?4787
lt?wo
Mm

?1s?/3

lf57
Im $
MT 2
1*h
l&MJj
1819
10M 3

M$40
lEW!OO
M$35
12%00
u#1304
l!37&j
ll?woo

a VaZuesoi”fiydngeneonte”nt determinedfromweightofwaterformed
on combustion.Thesumof carbonandhydrogenpercentageswere
Yg.g and98.7 forEa

?
I.es9 and16, respectively,whereas

theaveragefor the o hersamples.
b Q (net)oal.gulatedfromequation(1)
c QP(net)oa~oulatedfromequation(5)
d $etheatof‘combu~tloncalculatedfromtheequationgiven
SpeolflcationAN-F-2g,Amendment-3, ~ely

99.7 wall!

in

.._..: NetBtu/lb=%25 + 0.7070x GNqS 5.tu/lb,- .,.

.—-
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Table 3. Gravity,Aniline Point and Heat of’
Combustionos 26Gasolines

Heat of Combustion
Fuel Gravity Aniline Anillne-.Observed Calculated CalcIated
No. Point Gravity Gross Net a Net B—

Product
0~1 OF OfiOApI Btu/lb Btu/lb Btu/lb

32 111.9
:;:i

7016 199zf6 1?%90 ~g6~5
3i

116.%
6 .6

7361 :;;;;,
3 6990

M660 M625
109.9

63.0
us6g3 M65g

32 12gi9 ~ 07 20162

3

l&n7 lq%o

7 &2 :%! $;%
2002

$ ??’
M6@$

63.9
200/?! H! 2

3;
18726

%?”$ %:
2004g lg735

?0
~9.~

“16700
19gQ3 18567 18554

41
121:8 746

63:9 z
20067 U!7M

131.2 gb;6
ltq12

42
20M

?
M%32 ;g7:4

4 %$
116.2

H ?
16

4?
109● g 73 :g 4 lgw

66.2
l&3

ky 63.2
126.5 Ef3pk 2015

z
m:~

z
M 77

46
113.5

65.1
$;J1 2001 M 75

47 61.3
127.2 201g

6g17 z
lgg2g

1
l?J91

48
111.2

62.1 6~25
1990 lg671 M 37

49
109.9

61.2
1996

?
M654 lg620

110.1
60.6 2;2;

1999 u%63 ~g629
50 105.1 19912 mi~~ M60~_
51 122.2

%:i i
906 2ooevj M 25

10LL1 637 s i
$i %

19933 lg652 “M M
.0 111●9

n
00

●5
1996

$ n
16g

E
M64

110●s
62.7

95 199
t

M 7
55

u$6
111.4 6 g5 1996 ?0

g; 61.1 6177
M674 M6

106.0 199/30 ~g6g5
60.9 6157

lg6ql
101.1 lggy!$ lt3597 18565

a ~(net) calculatedfrom equation (5)
b Net heat of combustioncalculatedfrom tileequationgiven
.inSpecificationAN-F-2g,Amendment3,namely
NetBtu/lb= ~2s + 0.7070GrossBtu/lb
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Table~. ‘Effect
.- 013tkJ@
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-“ ,..,-.:_,.“. ....+;~. :~..;::”r:.:.-,..: ...”... . ..-<

of Timeand of the”A?WltlonQf Xylidin6-- ““”t
.Anlline?qlntso#’.Ga8Qli.net....... .. .........-~,,-===

.

:-Ztil$jal
.“Aniline. Changewith time,deg.F ChangewithA3dition

FuelNo.:P’olnt,OF of Xylldine,deg.F
6 weeks 10 weeks 1 Dercent ~ ~ercent

2. *:?;.: 0.0 -1.4
? - .9

.:J::g - :: -0.6 -1.6 -4.
~ +“:t–

-l-k
222:/3 Q

$ 10/%3 ●A
131;~ - 97 -1.2

:1.;
-3.1

9 127.2
:~:?

10 132.8 - :2 i!
130.6 + .g

:::
12 -1.3

12.0
H I - ●5 -1.1

13.3 -.
?

-1*Z
15 120.0 -“ -1.1
16 115,2 -1:1. -1.3.
17 127.8 -.2.
19’ 127.4 - .2 :;:;
20 119.7 -~ -1,3.21 127;2 - :5 -1.1
22

,“119.3
2
?

- :8
-1.1

n~.9
2 121.6

- :t
:1:?25 ;;:O: -1.

26 -1.1 -1●z27 113:6 -1.1.
127.0 - :;:; 118!.2 - ●5

- ●9
-1.1

Averagechange - ,36 -.90 -1.19 -3.6
..- -- .-.-,

.-,
----“,. .“..

. . .

,,

“.. . . . . . . .-. . .. . .. . .. .:

..-.
. . .. . .., ..”.,-..

f“.. ”””------ .;. ......

,.:
.. ”’.”, :

. . ,“””’

,- ‘“ u’ :
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Table5. Values of
Y
(net)foraVariousValues

of theAIMl ne Point

Aniline
Point

~(net)
OF Btu/lb

90 1/3492

91 M501

92 M509

93 M5M

94 1~526

95 M535

96 Msq

97 1s552

gg lg560

99 lg56g

100 1s577

101 lg5i6
102 18594
103 m603
104 18611

105 M620
106 1862g
107 lg637
108 1s645
109 U654

Aniline
Point
OF

110

111

112
113

114

115

116

117
lM

119

120
121
122

123
12b

i25

126

127

128
129

.~(net)

Btu/lb

18662

1s671

18679

1s68s

1~696

1s705

1s713

1g721
18730

1873s

1s747
ltf755
H!764
18772
1/3781

132 U%49

135 M$74

136 lmkq

137 1S1391
13g“ Mgoo

139 Mgo$

140 17917
141 lEfg25
142 M934
143 I lf3g42
144 lgg51

145 lg959
146

I
Mg6tf

147 I 1$976

14%! Mggs

149 Mggy

a Calculatedfrom the equation

Qp(netJ=17727.7+ 8.494(A.nPt)
.



Table6. .Valu=gof Q (net)forvariousvalue~o; the
anilinepoi%t-gravityproductaJ:: ..-—. —.-——-.-—.—.-=———:—-—......1
~(net) Aniline

Point-

1Gravity
Product

Btu/lb

1s4s4

lt34g4

M504

l&j13

1$523

1$53.3

lg~43

1$553

MS63

1$573

l@jg2

ls5g2

1%02

1$612

u!!622

1$632

1$641““
lg651

lg661

1$671
a Csllcdattidfroti

(A]~Pt-Gs)..

~

O~OJ@I

7000

7100
7200

7300

7400

7500

7600
7700

7800
7900

8000
$100
E!200

EOJoo

aoo

$~o

g600

$700

&mo

$goo
.

~(ne-t)I Aniline
Polnt-

l$W
I
9000

M700

Igpo
18!720

1s730

1/3740
l&f750

lg759

lg76g

l$77g

lf!!71s9
l&17gg

lt!Mo9
l$wg

1$$2s

llmy?J
NM#u?!!

M$5$

u?k!6s

9ZO0
9300
9400

9500

9600
9700

ggoo
9900

10000
10100
10200
lop

10400

/

. . ..

—.—. .. ..

~(net)

Btu/lb

M@13

l&?M7

U3t!g?

12!907

ltf917

18927

u?lg37
1$946

lg956
~gg66

lgg76
lt!yK
lfJg96
19005

19015

........

h
.x—

[ “--”‘---”●“

.

theequation~(net) = lTgg2.O+ 0.0$lg3g
.; :-”-. . .. z---,. .=.x--- *.>-. .I,

.
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Peroent .hydrown

Jigurel.- Comparative data on gasoline ami hydrocarbome. varibtion of net heat of. combwtion,
QJnat) calculated fmm ob.erwd valuea of ~{pos.) and percent H by mean, of emati n (1).

*at 250 c with petoen: H;

.!
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Anillm point,OF :$

Figure 2.- Variation of net heat. of ookbus%ion, ~ at a50o.withmniline point; ~(net) oaloule.ted from ob~e?vcd values of
Qv(IWE@) @ Wc~t, H by maus of eq ation (1) or (5).

Ill

,;
,,



<
9

s.
;
+m
~
C&

+’4
0

:

a

~

i

Orwlt y, OAPI

mglre 3.- Vurimtion of net hemt of namlnwtlon ~ at ~ C, =ith w.svlt
6wI peroent H by me&w of equtlon (1) or (5

Y; ~(net) odcul~kdfromobserved value= of r&(grcux
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Yigure 4.- Tariation of net hat oomtmtion, ~ at 260 C, with anilioe “&int-gmrity tmduot; %( net) oulculat eii from obmrmd J.
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